PAGE. ° PRINT JATE: 07/20/55

FAILURE MODES EFFECTE ANALY3IS (FMEA} -- CIL HARDWARE
NUMBER: Q2-6-E06 -X

SUBSYSTEM NAME: HYDRALLICS

REVISION: 1 07/24i9H
PART DATA
PART NAME PART HUMEBER
VEMDOR NANE VENDOR NUMEER
LRU PUMF, APU CRIVEN MAIN HYD MC281-00249

ABEX

EXTENDED DESCRIPTION OF PART UNDER ANALYSIS:
PUMP, APL GRIVEN MAIN HYDRAULIC

REFERENCE DEEIGNATORS:  S0WVESPP4
BOVEEBFPS
S0VSBPPE

QUANTITY GF LIKE ITEMS: 3
ONE 1N EACH HYDRAULIC POWER BYSTEM

FUNCTION:
PROVIDE HYDRALILIC POWER FOR HYDRAULIC SUBSYSTEM WITH PROVIZION FOR
ELECTRICAL DEFRESSURIZATION.
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PAGE 2 PRINT NATE 27.28:28

FAILURE MODES EFFECTS ANALYSIS FMEA -- CIL FAILURE MODE
NUMBER: 02-5-E06- 01

REVISION#: 1 B7/24/95
ZUBSYSTEM NAME: HYDRALLICS
LRU: PUMP, ARL ORIVEM MAIN HYDH CRITICALITY OF THIS
ITEM NAME: PUMP, AFU DRIVEN MAIN Y0 FAILLRE MDOE: 1R2

FAILURE MODE:
WILL NOT PREESURIZE ON COMMAND. LOSS OF PRESSURE

MISSION FHASE: LG LIFT-GFF
oo DE-ORBIT

VEHICLE/PAYLOADMIT EFFECTIVITY: 102 COLUMEBIA
103 DISCOVERY
14 ATLANTIS
105 ENDEAVOLUR

CALUSE:

HANGER BEARING FAILURE, SHEARED DRIVE SHAFT, JAMMED COMPENSATOR wALVE,
JAMMED STROKING PISTON. PREMATURE DEFPRESSURIFATION - DEFECTIVE SOLENOID
WVALVE, CONTAMINATION

CRITICALITY 11 DURING INTACT ABORT ONLY? YES
BTLS RETURNTG LAUNCH SITE

REDUNDANCY SCREEN Al PASS

B) PASS

C} PASS
PASS/FAIL RATIONALE:
Al
B)
C)

- FAILURE EFFECTS -

(A) SUBSYSTEM:

LG55 GF ONE HYDRAULIC SYSTEM DUE TO LOSS OF PRESSURE
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FAILURE MODES EFFECTS ANALYEIS {FMEA) -~ CIL FAILURE MCOE
NUMEBER: 02-5-ED6- 01

{B) INTERFACING SUBSYSTEM(5):

LCSS OF HYDRAULIC POWER FOR ENGINE YALVE CONTROL FOR, OME ENGINE
RESULTING IM LOSS OF ONE SSME THRUST CONTROL, HOWEVER, ENGINE wALWVES Wi _L
LOCK INTO POEITIGN AND ENGINE WILL CONTINUE TO OPERATE. LOSS OF REDUNDANT
HYDRAULIC POWER 3YSTEM FOR FOUR TVC ACTUATORS. LSS OF NOSE WHEEL
STEERING AND HYDRAULIC LANDING GEAR DEPLOYMENT CAPABILITY IF SYSTEM QNE 1S
LOST. LOSS OF ONE QF THREE HYDRAULIC POWER SYSTEMS TO FLIGHT CONTRCL
SURFACES AND BRAKES. LOSS OF ONE OF THREE ET UMBILICAL RETRACT ACTUATORS
FOR EALH LMBILICAL PLATE.

|C} MISSION:
ABORT DECISICN OR POSSIBLE EARLY MISSIQN TERMINATION,

(D} CREW, VEHICLE, AND ELEMENT(S):
NONE

{E) FUNCTIONAL CRITIGALITY EFFECTS:
POSSIBLE LOSS OF CREWAVEHICLE WITH TWO FAILURES: THLS FAILURE, PLUS LOSS OF
SECOND HYDRAULIC SYSTEM. CRITICALITY T FOR SSME INCUCED RTLS.

-DISFAOSITION RATIONALE-

{A) DESIGNM:

ROTATING GROUP INCLUDING BEARINGS, DRIVE SHAFT, HANGER, COMPENSATCR
SPOCL AND SLEEVE SIMILAR TO F-14 PUMP. DESIGHN LIFE 19 750 HOURS, BEARINGS
AFPLIED LOADS ARE SMALL PERCENTAGE OF RATINGE. DRIVE SHAFT FAILS WITHIMN 3.5
PERCENT OF DESIGN TORQUE. THE COMPENSATOR VALVE SLEEVE AND ERPOOL ARE
STEEL HARDEWED ANG LAPPED FOR MATCHED SET. THE DEPRESSLRIZATION AND
STROKING PISTONS ARE STEEL. SPRINGS ARE DESIGNED TO LOW STREZE SOLENOID
COILHERMETICALLY EEALED.

{B) TEST:

DUALIFICATION:

» ENDURANCE CYCLING TEST - 750 HOURS OF QPERATION AT VARYING FLOW RATES.
33% OF TEST AT 240 DEG F, 87% OF TEST AT 192 DEGF.
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PAGE < FRINT AT D729es

FAILURE MODES EFFECTS ANALYSIS (FMEA) -- Cli. FAILLURE MOQOE

HUMBER: 02-6-E0&- 01

OPERATING PROOF PRESSURE TEST - TESTED AT 24D DEG F, AT 125% RATED SPEED,
125% RATED DISCHARGE PRESSURE (AT NO FLOW), 10 CYCLES PER MINUTE FOR b
MINUTES. PASS/FAIL CRITERIA SHAFT SEAL LEAKAGE SHALL NOT EXCEED 5 CC/HR
NON-DPERATING PROOF PRESSLURE TEST - TESTED AT 275 DEG F. 160 PSIG TO INLET
(CASE DRAIN AND QUTLET PORTS PLUGGED), 300 PSIG TO CASE DRAIN [OGTHER
PORTS QPEN)y; AND 4500 PBIG TO OUTLET {OTHER PORTS QFEN AND SHAFT
RESTRAINEDR) PASSFAIL CRITERIA: NO EXTERMAL LEARAGE OR PERMANENT SET
BURST TEST - TESTEDR AT 273 OEG F, 7,500 PSIG PRESSURE, 320 P5IG RETURN AND
300 P5IG CASE DRAIN PASSTAIL CRITERIA, PUMP SHALL NOT RUPTURE,
ENDURANCE CYCLING TEST [SOLENCID) - 50,000 ENERGIZE/DE-ENERGIZE CYCLES,
TESTED &£T 100 DEG F. 32 WDC, 3015 RPM PLUMF SPEED. 66.3 GPM. AND 2250 PSIG
COUTLET PRESSURE. PASS FAILICRITERIA SUBSEQUENT PASSAGE OF ELECTRICAL
POWER TEST.

ACCEPTANCE:

EXAMINATION OF PROTHICT - WEIGHT, WORKMANSHIP, FIMISH, DIMENMSIONS, AND
CONSTRUCTION. PRESSURE, DCEPRESSURIZED START. PRESSURIZATION

COlL PERFORMANCE TEST - COIL ENERGIZED AT 32 VDC FOR 1 HR. PASSFAIL
CRITERIA: QPERATING CURRENT SHALL NOT EXCEED 1.5 &4MPS,

ELECTRICAL POWER TEST - TESTED AT 100 DEG F, 3000 PSIG FOR ENERGIZING 750
PSIG FOR DE-EMERGIZING, FOR B CYCLES AT VARYING WOLTAGES UP TO 32 VDG,
PASSIFAIL CRITERIA STEADY-STATE CURRENT SHALL NOT EXCEED 1.5 AMFS.
BREAK-IN RUN TEST - TESTED AT 100 DEG F, 2930 P3IG PRESSURE, 5575 PSIG
RETURN FOR 18 HRS (3 HRS AT 30-75% OF RATED SPEED. 15 HRS AT 80-100% RATED
SPEED, 3918 RPM, AND 66.3 GPM). PASS/FAIL CRITERIA NO EVIDENCE OF
MALFUNGTICN,

OPERATING PROOF AND OVERSPEED TEST - TESTED AT 240 DEG F, 300 PSIG TO
CASE DRAIN, 220 PSIG RETURN, 4838 RPM. AND 3575 PSIG PRESSURE AT NO FLOWY.
LeAD CYCLE 15 IMPOSED FROM 38753550 PSIG AT 85.4 GPM FOR 500 CYCLES.
REPEATED FROM 3875-2000 P5IG FOR 500 GYGLES. PASSIFAIL CRITERIA: NO
EXTERNAL LEAKAGE OR MALFUNCTION, SHAFT SEAL LEAKAGE SHALL NOT EXCEED
3 GGHR.

CALIBRATION TEST - TESTED AT 240 DEG F AT vARYING SPEEDS. FLOW RATES. AND
DISCHARGE PRESSURES. PASSIFAIL CRITERIA OVERALL EFFICIENCY SHALL BE
GREATER THAN 85%.

. DEPRESSURIZED START TEST - DEPRESSURIZED START-UR TO VERIFY 500-1000 PSIG

DISCHARGE PRESSURE AT RATED SFEED AND 0, 2, AND 5 GPM.

PRESSURIZATION TEST - WITH FUMP RUNMNING AT RATED SPEED AND NG FLOW IN
DEPRESS MODE, PRESSURIZE PUMP TO OPERATING PRESSURE, THEN
DEFRESSURIZE FUMP. PASSIFAIL GRITERIA, FRESSURIZATION/DEFRESSURIZATION
RESPONSE TIME SHALL HOT EXGEED 1 SECGOND.

CLEAMLIMESS TEST - LEVEL 190 PER MAO110-301.

GROUND TURNAROUND TEST

ANY TURNARDUND CHECKOUT TESTING 1S ACCOMPLISHED IN ACCORDANCE WITH
OMRSD.

(C) INSPEGTION:
RECEIVING INSPECTION
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FAILLURE MODES EFFECTS ANALYSIS (FMEA) — CIL FAILURE MODE
NUMBER.: 02-6-E06- 01

MATERIAL CERTIFICATION AND PROCESS CERTIFICATION ARE IMPOSED AND VERIFIEDR
BY INSPECTION. BEARING-ROLLER DATA PACKAGE REVIEWED STROKING PISTON DATA
PAK IS REVIEWED AND VISUAL EXAMINATION IS PERFORMED BY RECEIMING INSPECTION.
SLEEVE-COMPENSATOR AND SPOOL COMPENSATOR DATZ PAKS ARE REVIEWED AND A
VISUAL INSPECTION 15 PERFCRMED BY RECEIVING INSPECTION, THE RATE SPRING AND
COMPENSATOR SPRING DATA PAKS ARE REVIEWED AND & VISUAL INSPECTION |5
PERFQRMEN BY RECEIVING INSPECTION.

CONTAMINATICN CONTROL
CLEANLIMNESS LEVEL OF 190 PER MAQ110-371 |15 VERIFIED BY INSPECTION.

CRITICAL PROCESSES
HEAT TREATMENT PROCESS IS VERIFIED BY INSFECTION.

NONCESTRUCTIVE EVALUATION
MAGNETIC PARTICLE INSPECTION AND DYE PENETRANT PROCESS ARE PERFORMED
AND VERIFIED BY INSPECTION.

AZSEMBLY/INSTALLATION

HARONESS CHECK OF EXTERNAL DRIVE SHAFT IS PERFORMED. PROCESSING
SEQUENCE OF EXTERNAL DRIVE SHAFT |5 VERIFIED 8% INSPECTION. INSFECTION OF
ALL FOUR PLACE DIMENSICGNS. MACHINE FINISHES ARE VERIFIED 8Y INSPECTION. ALL
TRUE DIMENSIONS ARE VERIFIED BY INSPECTION. SOLENOID DATA PACKAGE |15
REVIEWWED AMD SOME DIMENSIONAL INSPECTICNS ARE PERFORMED.

TESTING
ATP |5 VERIFIED BY INSPECTION.

HANDUNG/PACKAGING
HANDLING AND PACKAGING REQUIREMENTS VERIFIED BY INSPECTION.

(D] FAILURE HISTORY:

CURRENT DATA ON TEST FAILL/RES, FLIGHT FAILURES, UNEXPLAINED ANOMALIES, AND
OTHER FAILURES EXPERIENCZED DURING GROUND PROCESSING ACTIVITY CAN BE
FOUMND IN THE PRACA DATA BASE.

(E) OPERATIONAL USE:

NONE
- APPROVALS -
EDITORIALLY APPROVED . BMA N Kerre 1-30-98
TECHNICAL ARRROVAL . \VIA APPROVAL FORM  © 95-CIL-0DG_D28
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